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In this report, an efficient methodology for extraction of microcalcifications is proposed. The grayscale morphological opening operation is performed to eliminate the microcalcifications in the original mammographic image and retain only the background. This is followed by filtering, in which the difference between the original image and the grayscale reconstruction of the opened image is computed. The filtering results in an image in which the background is highly suppressed. Entropy-based automatic thresholding is then used to detect the microcalcifications. Finally, the microcalcifications are segmented by obtaining the watershed of the inverted original mammographic image, with the detected locations of microcalcifications as markers.
DETECTION OF MICROCALCIFICATIONS
Let I be the original mammographic image and J be the image obtained after morphological opening of I. Thresholding of both I and J is performed successively for each gray level k E [1, N] , where N = 255 is the maximum gray level of the image. Let Ik and Jk be the binary images obtained after thresholding I and J at gray level k, respectively. Jk is called the kth marker image and Ik is the Thus, the binary reconstruction operator progressively floods the connected components of Ik, whose intersection with Jk is nonempty. In other words, it simply extracts the connected components of Ik, which ate marked by Jk. Next, we obtain the grayscale reconstruction 4 of I from J using binary (3) In brief, the approach is to first fill all the catchment basins except the one at the current marker position, and next obtain the watershed of the one unfilled catchment basin. The flowchart in Fig 1 describes the proposed methodology for filling all the catchment basin except the one indicated by the current marker. The grayscale reconstruction, p~(J), contains only the background structure of I. Therefore, a significant amount of background structure is filtered out by computing the difference between I and pi(J). Finally, entropy-based thresholding 5 is applied on the difference image to detect the microcalcifications. A 1-pixel marker is assigned to each of the detected microcalcifications.
WATERSHED TRANSFORMATION
In this section, we describe the methodology of extraction of microcalcifications using regional watershed. Consider the inverted original mammographic image, I', on which microcalcifications appear as dark spots on a bright background. If we imagine the image I' as a topographical surface, the microcalcifications appear as catchment basins. Our objectivc is to obtain the contours of the catchment basins at the marker positions obtained earlier as mentioned in the previous section.
In our proposed watershed algorithm, we obtain the watershed of each catchment basin one by one.
EXPERIMENTAL RESULTS
The mammographic database provŸ by the Mammographic Image Analysis Society (MIAS) is used in the experiments. Each image in the database is of size 1,024 • 1,024 pixels with a dynamic range of 8 bits. Figure 2 shows a section of size 280 X 280 pixels obtained from a mammographic image. Figure 3 is the image obtained after computing the difference between the original image and its morphological opening. It can be observed that still a significant amount of background is present in the image. Figure 4 shows the difference between the original image and its grayscale reconstruction from the opened image. It is observed in Fig 4 that most of the background is filtered out, leaving behind only the calcifications. Figure 5 shows the markers obtained after entropy-based thresholding, with each region of the calcification represented by 1-pixel marker. Figure 6 shows the segmented microcalcification obtained after the proposed regional watershed using the markers.
CONCLUSION
Ah efficient computer-aided technique for automatic detection and extraction of microcalcifications in a digital mammogram is presented. The technique employs morphological filtering to suppress the background tissue significantly. The entropy-based thresholding is highly accurate, as it detects even subtle microcalcifications. The proposed watershed yields very good segmentation results by preserving the size and shape of microcalcification.
